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PREFACE 

Since  this  dissertation  is  concerned  primarily  with  the 
synthesis  of  compounds  new  to  the  literature,  the  material 
relative  to  the  synthesis  of  these  compounds  is  given  in  de- 
tailed form  for  all  products  as  an  aid  to  fiu'ther  investi- 
gation, even  though  essentially  the  same  haslc  procedure  may 
toe  followed  in  the  synthesis  of  compounds  of  a  homologous 
series. 

All  tempera tiu>es  are  based  on  the  centigrade  scale  and 
its  symbol  is,  therefore,  omitted. 

Melting  and  boiling  points  given  are  corrected  values, 
the  thermometers  used  in  obtaining  these  values  having  been 
calibrated  against  a  set  of  thermometers  standardized  by  the 
United  States  Bureau  of  Standards. 

References  are  given  in  the  manner  usual  for  technical 
reports  of  this  sort.  Journal  abbreviations  are  those  stand- 
ardised upon  by  "Chemical  Abstracts". 
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INTRODUCTION 

Though  the  preparation  of  epoxy  compounds  and  the  re- 
actions of  these  compoimds  with  substances  containing  active 
hydrogen  have  been  known  for  nearly  one  hundred  years,  only 
in  relatively  recent  times  have  studies  been  conducted  on  the 
specific  reaction  between  alkene  oxides  and  mercaptans.   The 
dearth  of  material  on  this  subject,  as  well  as  a  desire  to 
extend  the  work  of  Flores-Gallardo  (l)  on  epoxy  ethers  to 
epoxy  sulfides,  initiated  this  investigation. 

The  purpose  of  the  investigation  was  primarily  to: 

1.  Synthesize  chlorohydroxysulfides  tlirough  the  inter- 
action of  epichlorohydrin  and  mercaptans; 

2.  Synthesize  epoxysulfides  a)  from  chlorohydroxysul- 
fides and  sodium  hydroxide  and/or  b)  from  epichlorohydrin  and 
alkali  mercaptides; 

3.  Synthesize  hydroxydisulfides  a)  from  epoxysulfides 
and  mercaptans,  b)  from  chlorohydroxysulfides  and  alkali 
mercaptides,  and/or  c)  from  epichlorohydrin  with  an  equimolar 
alkali  mercaptide-  mercaptan  mixture; 

4.  Synthesize  chlorohydroxysulfones  through  the  oxi- 
dation of  chlorohydroxysulfides; 

5.  Synthesize  epoxy sulf ones  from  chlorohydroxysulfones 
and  sodium  hydroxide; 

6.  Synthesize  hydroxydisulfones  by  oxidation  of 


hydroxydi sulfide 8 ; 

7.  Synthesize  alkylthiohydroxy  ethers  from  epoxysulfldes 
and  alcohols; 

8,  Inyestigate  the  course  of  the  reactions  outlined  In 
1  and  3  above  through  proof  of  the  structure  of  the  products 
obtained  In  each. 

The  reactions  through  which  the  above  syntheses  are 
carried  out  may  be  diagrammed  as  follows: 

CH  ClCHcFo-f  RSH^?i^£*RSCH_CHOHCH  Cl-i^RSO„Cn„CHOHCn  CI 


CH  CICHCH  0+r^SNa 
2      2    [RSH 


NaOH 


NaOU 


CHgClCHCHgO  +  RSNa  >  hSCHgCHCH  6 


RSH 

--RSCH  CHOHCH  SR 
2  I  2 


RSOgCHgCHCHgO 
J{*OE 


RSCH  CHOHCH  OR' 
2  2 


RSOgCHgCHOHCHgSOgR 


DISCUSSION  AND  EXPERIMENTAL 

A,   Synthesis  of  chlorohydroxypropyl  sulfides 

1,  Review  of  the  literature 

Studies  concerned  with  the  reaction  of  epoxides  with 
hydrogen  sulfide  or  mercaptans  are  met  with  only  In  relatively 
recent  literature,  the  first  being  In  1935  when  Chlchlbahln 
and  Bestuzhev  (2)  Investigated  the  reaction  between  ethylene 
oxide  and  hydrogen  sulfide.   In  the  same  year,  Nenltzescu  and 
Scarlatescu  (3)  conducted  a  much  more  extensive  study.  In- 
volving the  reaction  of  ethylene  oxide,  cyclohexene  oxide, 
and  eplchlorohydrln  with  hydrogen  sulfide,  ethyl  mercaptan, 
propyl  mercaptan,  thlophenol,  and  benzyl  mercaptan,   ITie  re- 
action of  these  mercaptans  with  eplchlorohydrln,  either  with 
or  without  an  activated  charcoal  catalyst,  produced  chloro- 
hydroxypropyl sulfides  In  90^  yields,  this  being  the  first 
reported  preparation  of  these  compounds. 

Sjoberg  (4)  reported  the  reaction  of  eplchlorohydrln 
with  hydrogen  sulfide  In  alkaline  solution  to  give  1- 
mereapto-3-chloro-2-propanol,   Tseou  and  Pau  (5)  Investigated 
the  high  temperature  Interaction  of  ethylene  oxide  and 
hydrogen  sulfide,  in  the  presence  of  a  catalyst.   The  Shell 
Development  Company  (6)  obtained  l-pentylthlo-3-chloro-2- 
propanol  by  the  method  of  Nenltzescu  and  Scarlatescu  (3). 

By  treating  l,3-dlchloro-2-propanol  with  sodium  ethyl 


mercaptide  or  sodium  benzyl  mercaptlde  in  aqueous  alcohol, 
Rothsteln  (7)  synthesized  l-ethylthio-3-chloro-2-propanol  and 
l-benzylthio-3-chloro-2-propanol.   It  is  probable  that,  in 
this  reaction,  the  first  step  is  a  dehydrohalogenation  of  the 
l,3-dichloro-2-Fropanol  to  epichlorohydrin,  which  then  reacts 
with  the  mercaptan  present  to  give  the  end  product.   Ihis 
follows  from  the  work  of  Fairbourne,  Gibson,  and  Stephens  (8) 
who  showed  that  this  is  the  mode  of  addition  of  alcohols  to 
l,3-dlchloro->2-propanol  in  the  presence  of  a  base. 
2.  Experimental 

a.  Synthesis  of  l-methylthio-3-chloro-2-propanol 
One  mole  (48  g. )  of  methyl  mercaptan,  one  mole  (92  g. ) 
of  epichlorohydrin,  one  gram  of  anhydrous  zinc  chloride,  and 
150  ml.  of  dioxane  were  placed  in  a  500  ml.,  three-necked, 
roxmd-bottomed  flask,  equipped  with  thermometer,  stirrer, 
and  reflux  condenser,  and  refluxed  for  three  hours.  Low 
boiling  material  (dioxane  and  unreacted  mercaptan  and 
epichlorohydrin)  was  removed  under  aspirator  vacuum  at  a 
maximmn  temperature  of  70^,  using  a  water  bath  as  a  soiirce 
of  heat.   The  residue  was  then  distilled  at  1.4  mm.,  1- 
methylthio-3-chloro-2-propanol  being  collected  at  55°. 


B.P. 

:  55®  at  1.4  mm. 

Yield 

:  56  g.,  0.4  mole. 

40^ 

"'? 

:   1.5094 

.25 


:   1.2250 

:   34.30  (found);  35.03  (calc.) 

:   34.28  (found);  34.16  (calc.) 


4 

%   C 

%  E  :,   6.25  (found);   6.45  (calc.) 

1).  Ssmthesls  of  l-ethylthio-3-chloro-2-propanol 
0.8  mole  (50g.)  of  ethyl  mercaptan  and  0,5  mole  (46  g.) 
of  epichlorohydrin  were  placed  in  a  200  ml,,  three-necked, 
round-bottomed  flask,  equipped  with  thermometer,  stirrer,  and 
reflux  condenser.  The  well  stirred  mixture  was  heated  and  on 
reaching  reflux,  one  gram  of  zinc  chloride  was  added  tlirough 
the  condenser.   The  mixtitre  was  heated  for  an  additional  five 
minutes  to  initiate  the  reaction.  At  this  point  the  heat  of 
reaction  necessitated  cooling.  After  the  reaction  ceased, 
heating  was  resumed  for  one  hour.  Ilie  excess  ethyl  mercaptan 
was  removed  under  aspirator  vacuum  and  the  residue  was  dis- 
tilled at  1.5  mm,  l-ethylthio-3-chloro-2-propanol  being 
collected  at  68-69°. 


B.P. 

:      68-69"  at  1.5  mm. 

Yield 

:      57  g.,    0.37  mole,    74^ 

n25 
"  D 

:      1.5047 

«^4 

:      1.1651 

«D 

:      39.36   (found);    39.66   (calc.) 

Sic 

:      38.80   (formd);    38,83    (calc) 

5f  H 

:        7.53    (found);      7.17   (calc.) 
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c.   Synthesis  of  l-propylthio-3-chloro-2-propanol 
0,6  mole  (45  g.)  of  propyl  mercaptan  and  0,5  mole  (46  g.) 
of  eplchlorohydrln  vere  placed  in  a  200  ml,,  three-necked, 
round-bottomed  flask,  equipped  with  stirrer,  thermometer,  and 
reflux  condenser.   The  mixture  was  heated  to  reflux  and  one 
gram  of  «inc  chloride  was  added  through  the  reflux  condenser. 
After  five  minutes,  a  ▼Igorous  reaction  occurred  which  was 
controlled  by  strong  cooling.  After  completion  of  the  re- 
action, the  mixture  was  heated  to  the  former  reflux  tempera- 
ture (84°)  for  thirty  minutes,  cooled  and  distilled  at  1.4 
mm,,  l-propylthio-3-chloro-2-propanol  being  obtained  at 


79-80® . 


B.P. 


Yield 
.25 


D 

25 

4 


79-80®  at  1.4  mm, 

61  g,,  0,36  moles,  73^ 

1,4986 

1,1286 

43,92  (found);  44,28  (calc) 
42,46  (found);  42,79  (calc) 
7.76  (found);   7,76  (calc) 
d.   Synthesis  of  l-butylthlo-3-chloro-2-propanol 
0,56  mole  (50  g.)  of  butyl  mercaptan  and  0.5  mole 
(46  g.)  of  eplchlorohydrln  were  placed  in  a  200  ml.,  three- 
necked,  round-bottomed  flask,  equipped  with  stirrer,  ther- 
mometer, and  reflux  condenser,   Tlie  mixture  was  heated  to 
reflux  with  vigorous  stirring  and  one  gram  of  zinc  chloride 


n 
d 

%  c 

%   H 


B.P. 

Yield 
.25 


D 
25 

4 


n 
d 

%   C 

i>   H 


was  added  through  the  refltix  condenser.  After  three  minutes, 
a  vigorous  exothermic  reaction  necessitated  strong  cooling. 
The  cooled  mixture  was  again  heated  to  the  former  reflux 
temperature  for  thirty  minutes.  It  was  then  distilled  at  0.5 
mn. ,  l-butylthlo-3-chloro-2-propanol  being  collected  at  76- 
770. 

76-77°  at  0.5  mm. 

57  g.,  0.32  mole,  64^ 

1.4940 

1.0883 

48.86  (found);  48.90  (calc.) 
45.74  (found);  46.01  (calc.) 
8.35  (found);  8.28  (calc.) 
e.  Synthesis  of  l-pentylthlo-3-chloro-2-propanol 
0.5  mole  (52  g.)  of  pentyl  mercaptan  and  0,5  mole 
(46  g.)  of  eplchlorohydrln  were  placed  in  a  200  ml.,  three- 
necked,  round-bottomed  flask,  equipped  with  thermometer, 
stirrer,  arwl  reflux  condenser.   The  stirred  mixture  was 
heated  to  reflux  and  one  gram  of  zinc  chloride  was  added 
through  the  condenser.  The  resulting  vigorous  reaction 
necessitated  external  cooling,  and  when  this  reaction  had 
subsided  the  mixture  was  heated  to  the  former  reflux  tem- 
perature for  thirty  minutes.   It  was  then  distilled  at  0,5 
mm.,  l-pentylthlo-3-chloro-2-propanol  being  collected  at  85- 
86°. 

7 


B.P. 

Yield 
.25 


D 
*  4 

io  c 
ii  H 


85-86®  at  0.5  rbb. 
46  g.,  0,23  mole, 
1.4900 

1.0664 
t  53.34  (found);  53.51  (calc.) 
:   48.82  (fovmd);  48.84  (calc.) 
:   8.84  (found);   8,71  (celc.) 
f .  Synthesis  of  l-hexylthlo-3-chloro-2-propanol 
0.55  mole  (65  g.)  of  hexyl  mercaptan  and  0.5  mole 
(46  g.)  of  eplchlorohydrln  were  placed  in  a  200  ml.,  three- 
necked,  round-bo tto?ned  flask,  equipped  with  thermometer, 
stirrer,  and  reflux  condenser.   Hie  mixture  was  heated  to 
reflux  with  stirring  and  one  gram  of  zinc  chloride  was  added 
through  the  condenser.  After  subsidence  of  the  strongly 
exothermic  reaction,  the  mixture  was  reheated  to  the  original 
reflux  temperature  for  thirty  minutes,  then  distilled  at  0,5 
mm.,  l-hexylthio-3-chloro-2-propanol  being  obtained  at  96- 
97«. 

96-97®  at  0.5  mm. 
78  g.,  0.37  mole,  74^ 
1.4880 
1.0465 

58,02  (found);  58.14  (calc.) 

50.92  (found);  51.28  (calc.) 

9.21  (found);   9.09  (calc.) 


B.P. 

Yield 

«25 
"  D 

*4 

i,  c 
io  H 


3«  Discussion  of  experimental  results 

Figures  1,  2,  and  3  show  the  variation  in  densities, 
refractive  indices,  and  molecular  refractions  of  the 
chlorohydroxypropyl  sulfides  with  molecular  wei^ts. 

In  this  portion  of  the  investigation,  an  attempt  was 
made  to  synthesize  1-ethylthio-  and  l-propylthio-3-chloro- 
2-propanols  by  the  method  of  Nenitzescu  and  Scarlatescu  (3). 
The  results  were  entirely  negative,  almost  complete  recovery 
of  the  initial  reactants  being  effected  in  each  case.  Use 
of  sulfuric  acid  as  a  catalyst  according  to  the  procedures 
of  Flores-  Gallardo  and  Pollard  (l)  and  Swern,  Billen,  and 
Knight  (9)  resulted  in  a  yield  of  44^.   Zinc  chloride  proved 
to  be  the  best  catalyst,  reducing  the  reaction  time  from  a 
minimum  of  four  hours  to  thirty  minutes  and  providing  yields 
of  about  705^. 

Ihe  method  outlined  was  satisfactory  for  the  preparation 
of  all  except  the  methyl  derivative.   The  reaction  with 
methyl  mercaptan  leads  to  a  highly  viscous  polymerized 
material,  probably  through  ttie  formation  of  sulfonium  link- 
ages tdiich  are  much  more  easily  formed  in  methyl  sulfides. 
It  was  necessary,  in  this  instance,  to  carry  out  the  reaction 
in  an  inert  solvent. 

4.   Summary 

A  new  method  for  the  preparation  of  alkylthiochloro- 
propanols  is  described.   Individual  syntheses  for  methyl, 
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ethyl,  propyl,  butyl,  amyl,  and  hexyl  derivatives  are  describ- 
ed, of  which  methyl,  butyl,  and  hexyl  are  newly  reported  com- 
pounds. The  boiling  points  of  the  ethyl  and  propyl  derivatives 
are  the  only  physical  constants  previously  reported  in  the 
literature. 

B.  Syntliesis  of  epoxypropyl  sulfides 

1.  Review  of  the  literature 

Epoxides  have  been  prepared  in  many  ways.  Epichlorohydrin 
or  epibromohydrin  were  made  by  Berthelot  and  Luca  (10)  as  one 
of  the  products  of  the  reaction  of  phosphorus  trichloride  or 
phosphorus  tribromide  on  glycerol,  Dehydrohalogenation  of  a 
1,2  chlorohydrin  by  alkali  hydroxides  in  various  solvents  is 
an  old  and  well  known  process  for  the  preparation  of  these  com- 
pounds (1),  (8),  (11),  (12),  (13),  (14),  (15).  More  recently, 
oxidation  of  a  double  bond,  either  by  perbenzoic  acid  (16), 
(17)  or  by  air  in  the  presence  of  appropriate  catalysts  (18), 
(19)  has  come  into  prominence  as  a  preparative  method  for 
oxiranes. 

The  synthesis  of  epoxy sulfides  has  been  carried  out  by 
dehydrohalogenation  and  by  a  modified  Williamson  syntliesis. 
Nenitzescu  and  Scarlatescu  (3)  produced  l-ethylthio-2,3- 
epoxypropane  by  dehydrohalogenation  of  l-ethylthio-3-chloro- 
2-propanol  with  aqueous  sodium  hydroxide  and  by  treatment  of 
epichlorohydrin  with  an  aqueous  solution  of  sodium  ethyl 
mercaptide.   The  Shell  Development  Company  (6)  reported  the 
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synthesis  of  l-pentylthlo-2,3-epoxypropane  toy  dehydrohalogena- 
tlon,   Gllman  and  Woods  (20)  treated  eplchlorohydrin  in 
anhydrous  alcohol  with  mercaptldes  of  the  type  (CH  )  NCH  - 

3    Z         Z 
(CH  )  CH  SNa  to  ototaln  epoxysulfides, 

2.  Experimental 

a.   Sjrnthesis  of  l-niethylthio-2,3-epoxypropane 
Two  moles  (190  g.)  of  eplchlorohydrin  was  placed  in  a 
one  1.,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  reflux  condenser,  and  dropping  fiumel.   The  flask 
was  cooled  in  an  ice-salt  mixture  and  a  freshly  prepared  ice- 
cold  potassium  methyl  mercaptide  solution  (prepared  toy  drop- 
wise  addition  of  2.1  moles  (lOO  g.)  of  methyl  mercaptan  to  a 
cooled  stirred  solution  of  2.1  moles  (137  g.)  of  85%   KOH  in 
150  ml.  of  water)  was  added  dropwise  with  vigorous  stirring. 
The  stirring  was  continued  for  two  hours  after  the  addition 
was  completed.   The  layers  that  formed  were  separated  and  the 
aqueous  layer  extracted  twice  with  ethyl  ether.   The  ethereal 
extracts  and  the  non-aqueous  layer  were  comtoined,  dried  over 
anhydrous  calcium  sulfate,  and  distilled  at  70  mm.   1- 
methylthio-2,3-epoxypropane  was  obtained  at  84,5-85®. 


B,P, 

Yield* 

n25 


84.5-85°  at  70  mm, 
39,5  g.,  0.38  mole,  19^ 
1.4817 


*  Ihis  preparation  yielded  tooth  this  product 
and  1 , 3-tois (me thyl thio )-2-propanol . 
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d^    :   1.0583 

M      :  28,04  (foirnd);  28.34  (calc.) 
%   C    :  45.52  (found) J  46.12  (calc.) 
fo   H    :   8.07  (found);   7,74  (calc.) 
b.  Synthesis  of  l-ethylthio-2,3-epoxypropan© 

(1)  A  solution  of  19  grams  of  85?^  potassium  hydroxide 
in  40  ml.  of  water  was  placed  in  a  200  ml.,  three-necked, 
round-bottomed  flask,  equipped  with  thermometer,  stirrer, 
and  dropping  funnel.  To  the  vigorously  stirred,  cooled 
solution  was  added  dropwise  0,11  mole  (17  g.)  of  1-ethylthio- 
3-chloro-2-propanol.  After  stirring  for  two  hours  following 
addition  of  the  chlorohydroxy sulfide,  the  mixture  was 
extracted  twice  with  ethyl  ether,  the  combined  extracts  dried 
over  anhydrous  calcitun  sulfate,  and  the  dried  ethereal 
solution  distilled;  7  grams  (54^)  of  l-ethylthio-2,3-epoxy- 
propane  was  obtained. 

(2)  A  solution  of  two  moles  (82  g.)  of  soditan  hydroxide 
in  300  ml.  of  water  was  placed  in  a  on©  1.,  three-necked, 
round-bottomed  flask,  equipped  with  stirrer,  reflux  condenser, 
and  dropping  funnel.  The  flask  \ras  cooled  in  ice  slush  and 
two  moles  (124  g.)  of  ethyl  roercaptan  added  dropwise.   The 
resulting  sodium  ethyl  mercaptide  solution  was  added  dropwise 
with  vigorous  stirring  to  two  moles  (185  g.)  of  epichlorohydrin 
contained  in  a  similarly  equipped  flask.  After  addition  of 
the  mercaptide  solution,  the  mixture  was  stirred  for  two  hours. 
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B.P.    -   ^^  =  -«» 


Yield 

r,25 


D 
25 


4 

io  c 

?S  H 


The  layers  of  the  mixture  were  separated^  the  aqueous  layer 
extracted  twice  with  ethyl  ether,  and  the  extracts  and  non- 
aqueous layer  combined  and  dried  oyer  anhydrous  potassium 
carbonate.   The  dried  solution  was  distilled,  l-ethylthlo-2, 
3-epoxypropane  being  collected  at  3.5  mm. 

41.5-42®  at  3.5  mm. 

163  g.,  1.38  moles,  69^ 

1.4757 

1.0170 

32.76  (found);  32.96  (calc.) 

50.73  (found);  50.81  (calc.) 
8.77  (found);   8.53  (calc.) 
c.  Synthesis  of  l-propylthlo-2,3-epoxypropane 
0.33  mole  (31  g.)  of  eplchlorohydrln  was  placed  In  a 
200  ml.,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  reflux  condenser,  and  dropping  funnel.   To  the  cool- 
ed, vigorously  stirred  eplchlorohydrln  was  added  dropwlse  a 
solution  of  potassium  propyl  mercaptlde  (prepared  from  24 
grams  of  85^  potassium  hydroxide  and  25  grams  of  propyl  mer- 
oaptan).   Stirring  was  continued  for  two  hours  after  the 
addition  was  completed.   The  two  layers  formed  were  separated, 
the  aqueous  layer  extracted  twice  with  ethyl  ether,  and  the 
extracts  and  the  non-aqueous  layer  combined.   The  resulting 
solution  was  dried  over  anhydrous  calcium  sulfate,  filtered, 
and  distilled,  l-propylthlo-2,3-e poxy propane  being  collected 

at  43-44®  at  2  mm. 
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B.P. 

Yield 
25 


D 

25 

4 

D 


^  C 
i   H 


43-44<*  at  2  mm. 

25  g.,  0.19  mole,  57?S 

1.4730 

0.9905 

37.44  (found);  37.58  (calc.) 

54.66  (found);  54.50  (calc.) 
9.59  (found);   9.15  (calc.) 
d.   Synthesis  of  l-butylthio-2,3-epoxypropane 
0,23  mole  (43  g. )  of  l-butylthio-3-chloro-2-propanol 
and  400  ml.  of  ethyl  ether  were  placed  in  a  one  1.,  three- 
necked,  round-bottomed  flask,  equipped  with  stirrer  and 
reflux  condenser.  40  grams  of  powdered  sodium  hydroxide  was 
slowly  added  to  the  vigorously  stirred,  cooled  solution. 
Stirring  was  continued  for  twelve  hours.   The  mixture  was 
then  filtered  and  dried  over  anliydrous  calcium  sulfate.   The 
dried  solution  was  filtered,  the  ethyl  ether  removed  under 
reduced  pressure,  and  the  residue  distilled  at  70  mm., 
l-butylthio-2,3-epoxypropane  being  obtained  at  132-132,5'*. 


B.P, 

Yield 
-25 


D 
25 

4 


i  c 


132-132. 5<*  at  70  mm. 

17  g.,  0.12  mole,  50^ 

1.4723 

0.9716 

42.17  (found);  42.20  (calc.) 

57,72  (found);  57,49  (calc.) 

10.14  (found);   9.65  (calc.) 
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e.   Synthesis  of  l-pentylthio-2,3-epoxypropane 
0.33  mole  (31  g.)  of  eplchlorohydrln  vas  placed  In  a 
200  ml.,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  reflux  condenser,  and  dropping  funnel,   A  potassium 
pentyl  mercaptide  solution  was  prepared  by  dropvise  addition 
of  0.33  mole  (35  g.)  of  pentyl  mercaptan  to  a  cooled,  stirred 
solution  of  0.33  mole  (24  g. )  of  potassium  hydroxide  in  100 
ml.  of  959$  ethanol.   Tliis  mercaptide  solution  was  added  drop- 
wise  to  the  cooled,  stirred  epichlorohydrin.   Stirring  was 
continued  for  six  hours.   The  resulting  mixture  was  extracted 
three  times  with  ethyl  ether  and  the  combined  extracts  dried 
over  anhydrous  potassium  carbonate.   The  dried,  filtered 
solution  was  distilled,  l-pentylthio-2,3-epoxypropane  being 
obtained  at  67-68®  at  1,6  mm. 

B.P.    :   67-68®  at  1,6  imn. 


27  g.,  0.17  mole,  50^ 
1.4707 
0.9544 

46.90  (found);  46.82  (calc.) 
59.92  (foimd);  59.95  (calc.) 
10.26  (found);  10.06  (calc.) 
f.   Synthesis  of  l-hexylthio-2,3-epoxypropane 
0.33  mole  (31  g.)  of  epichlorohydrin  was  placed  in  a 
200  ml.,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  reflux  condenser,  and  dropping  funnel.   A  potass- 
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Yield 
r.25 

"d 

^4 

%  C 
%   H 


lum  hexyl  mercaptide  solution  was  prepared  by  dropwlse  addi- 
tion of  0,33  raole  (40  g. )  of  hexyl  mercaptan  to  a  cooled^ 
stirred  solution  of  0,33  mole  (24  g, )  of  85%   potassium  hy- 
droxide In  100  ml,  of  955te  ethanol.   The  mercaptide  solution 
was  added  dropwlse  to  the  cooled,  stirred  eplchlorohydrln. 
Stirring  was  continued  for  six  hours.   The  resulting  mixture 
was  extracted  three  times  with  ethyl  ether  and  the  combined 
extracts  dried  over  anhydrous  potassium  carbonate.   The  dried, 
filtered  solution  was  distilled,  l-hexylthlo-2,3-epoxypropane 
being  collected  at  69.5-70°  at  0,7  mm. 


B.P. 

Yield 

n25 


d25 


%   C 
%   H 


69,5-70*'  at  0.7  mm, 

17,5  g,,  0.11  mole,  32^ 

1,4702 

0.9471 

51,36  (found);  51.44  (calc) 

62.00  (found) J  62,01  (calc.) 

10.64  (found);  10.41  (calc.) 
3.  Discussion  of  experimental  results 
Hie  method  of  Nenitzescu  and  Scarlatescu  (3)  for  the 
preparation  of  epoxysulfides  from  chlorohydroxysulfides  was 
repeated  with  fair  results.   It  is  felt  that  dehydroha- 
loge nation  according  to  the  modification  of  Flore s-Gallardo 
and  Pollard  (1)  is  somewhat  more  advantageous  since  the  pro- 
duct of  the  initial  reaction  with  alkali  is  an  essentially 
dry,  ethereal  solution  of  the  desired  epoxysulflde  and  is 

much  easier  to  handle. 
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The  method  of  Nenltzescu  and  Scarlatescu  (3)  which  in- 
volves the  reaction  of  epichlorohydrln  and  an  aqueous  solution 
of  an  alkali  mercaptide  included  the  dropwise  addition  of 
epichlorohydrln  to  the  cold  sodium  mercaptide  solution. 
Repetition  of  this  preparation  led  to  very  poor  yields.   It 
was  supposed  that,  in  the  presence  of  the  excess  of  mercaptide, 
the  epichlorohydrln  reacted  completely  to  form  bis  (alkylthio) 
propanols.   When  the  order  of  addition  was  reversed,  i.e., 
when  the  mercaptide  solution  was  added  dropwise  to  epichloro- 
hydrln, there  was  an  excess  of  epichlorohydrln  present  at  all 
times,  so  that  good  yields  were  obtained. 

In  the  calculation  of  the  molecular  refractions  of  these 
epoxy sulfides,  the  value  for  the  atomic  refraction  of  epoxy 
oxygen  used  was  1.890,  as  determined  by  Flores-Gallardo  and 
Pollard  (1). 

Figures  4,  5,  and  6  show  the  variation  in  refractive 
index,  density,  and  molecular  refraction  for  these  compounds 
as  their  molecular  weight  varies. 

It  may  be  seen  that,  generally,  yields  were  of  the  same 
order,  whether  a  chlorohydroxy sulfide  was  dehydrohalogenated 
or  a  mercaptide  was  reacted  with  epichlorohydrln.   Therefore, 
on  the  basis  of  the  mercaptan  used  directly  or  to  form 
intermediates,  the  mercaptide-epichlorohydrln  method  gave 
better  overall  yields. 


1.4700 


1.4740 


1,4780 


1.4820 


25 


r-rln-vl  :■    -I 1-—'  I.  !'    I:  !*Tt^T- l-r'-m  i  ■  i    in  nrrrrrl n-rtn  tr- 1 1 -;  r- 1 1 --TrT-nrr- t;i  rTT-TT-ni-rTTTmT-mTTTr-Ti  )i;.  wi 


wrrr 

'.  1  ■r\. ,'..]...•[.  -I 

-|ii.,lt'!^...:-l 

-rrnr 

.iH■'i-:|^.^:^:4J^^^+^^■~^^-■:l■-'-,.,..,,.li,,.:J..(,,.,,.,..|;:i,|,,                                        ,.    ,1,.;,    , 

;     ;;:  :!::l 

,  . . . 

:-; 

., .', 

22 

;  :::; 

Fleure   5- 

'-^ 

Density  vs.    Molecular   Weight   for 

r.lL: 

■■■|; 

Epoxypropyl    Sulfides   of   the   Type 

KSiJiipiJrtunoU,    n  Deing  Metnyi 

174 

■   1 _.._!.        U^„._T 

through   Hexyl 

160 

Q 

\ 

\ 

\ 

146 

V\ 

\ 

Mol. 
Wt. 

\ 

132 

\ 

\ 

^#1 

i 

118 

m 

M'                                \ 

\. 

\ 

104 

Np. 

TJ 

0    0400                              0    Q 

BOO                        1.0200                          1.0600 

^.'  0    ■  '  ^\J\J                                                               \J  f    t-^ 

^4 

rir:;nl:;--i;Trilt 

s.-i.ailii:il;;.,nTTTltrt 

rlT;tll:;^t^^t;;t:rrrt^^^^-tT-nt^^^:t iTT-tfrT^HmrHrrrtiiwIiiiiliTtiHiHiffirlifrrl-iTfT^iffrifMTiiii^TitTTHif, 

j-i-U4-u:j-H-!.i  !.utu^^l-^tix^;^.'U:  i .  tiil. ;  u\  »i';ii  i ! 


4 


28.00 


36.00 


44.00 


52.00 


i 


w 


D 


THr:ilTti-;;-.hr:Tt^ 


-til--Ht--!-Htt-ir1'fl"-:l-;— l-r-^-i-t t :-; -f  Tf  1 1  ■  ^  ■  Hrr- 1  r- ■  H  :  ttrtr- i-rh!  v  I  ■  ■  ' :  t-i --^H  !-t-Hf  ■  il  ■  ■  ■  ■  H  -  ft  1 1»  rrh-'Tt^rTtlT!  i  tt!-!l  il ;  ■  t!] 


4.   Summary 

Syntheses  and  physical  properties  were  determined  for 
the  six  epoxjrpropyl  sulfides,  methyl  through  hexyl.   Syn- 
thesis of  the  ethyl  and  pentyl  compounds,  together  vith  the 
physical  properties  of  the  ethyl  compound,  have  been  previous- 
ly reported  (3),  (6), 

C.   Synthesis  of  hydroxydisulfides 

1,  Review  of  the  literatiu>e 

The  dialkyl  or  diarylthiopropanols  have  been  prepared  in 
the  following  three  ways:  treatment  of  epicblorohydrin  with 
an  alkaline  solution  of  a  mercaptan,  treatment  of  1,3-dichloro- 
2-propanol  with  a  mercaptide  solution,  and  treatment  of  an 
alkylthiochloropropanol  with  a  mercaptide  solution, 

l,3-bis(ethylthio)-2-propanol  was  synthesized  from  1,3- 
dichloro-2-propanol  and  sodium  ethyl  mercaptide  solution  by 
Tschugaeff  and  Kobljanski  (21).   Fromm,  Kappeller,  and  Taub- 
mann  (22)  treated  either  epicblorohydrin  or  l,3-dichloro-2- 
propanol  with  an  alcoholic  solution  of  sodium  benzyl  mercap- 
tide to  obtain  l,3-bia(benzylthio)-2-propanol.   1-benzylthio- 
3-ethylthio-2-propanol  was  prepared  by  Rothstein  (7)  from 
l-ethylthio-3-chloro-2-propanol  and  sodium  benzyl  mercaptide 
solution.   Kie  Shell  Development  Company  (6)  reported  treating 
epicblorohydrin  with  decyl  or  hydroxyethyl  mercaptan,  followed 
by  treating  the  product  with  aqueous  sodium  hydroxide,  to 
obtain  l,3-bis( decyl thio)-2-propanol  or  l,3-bi8(2-hydroxyethyl)- 
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2-propanol,  respectively. 
2 ,  Expe r Imen t a 1 

a.  Synthesis  of  l,3-bia(niethylthio)-2-propanol 
Reference  is  made  to  Section  II, B,a, "Synthesis  of  1- 
methylthio-S^S-epoxypropane",  for  procediire.  l,3-bis(methyl- 
thio)-2-propBnoI  was  collected  at  159-161®  at  50  ami. 


B.P. 
Yield 

d25 
4 

% 

%   C 

%   H 


159-161®  at  50  mm. 

27.5  g.,  0.35  mole,  17.- 

1.5359 

1.1256 

42.17  (found);  42.76  (calc.) 

39,63  (found);  39.47  (calc.) 
8,30  (found);   7,^  (calc.) 
"b.  Synthesis  of  l,3-bis(ethylthlo)-2-propanol 
0,5  mole  (46  g, )  of  epichlorohydrin  was  placed  in  a  500 
ml.,  three-necked,  round-bottomed  flask,  equipped  with  stirrer, 
reflux  condenser,  and  dropping  funnel.  A  mercaptide-mercaptan 
mixture  was  prepared  by  dropwise  addition  of  one  mole  (62  g,) 
of  ethyl  mercaptan  to  a  cooled,  stirred  solution  of  0,5  mole 
(33  g.)  of  855^  potassium  hydroxide  in  100  ml.  of  water.   The 
mercaptide-mercaptan  mixture  was  added  dropwise  to  the  cooled, 
stirred  epichlorohydrin,  the  resulting  mixture  being  stirred 
an  additional  two  hours.   The  mix  was  then  extracted  with 
ethyl  ether.   The  extract  was  dried  over  anhydrous  calcium 
sulfate.  The  dried,  filtered,  ethereal  solution  was  distilled 
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B.P. 

Yield 
25 


n 


D 
25 


M 


D 

^  C 

%   H 


at  1  nun.,  l,3-bls(ethylthlo)-2-propanol  being  obtained  at 
93.8-94®. 

93.8-94**  at  1  ram. 

41  g.,  0.23  mole,  46^ 

1.5148 

1.0528 

51.63  (found);  51.99  (calc.) 

46.33  (found);  46.62  (calc.) 
9.24  (found);   8.95  (calc.) 
c.  Synthesis  of  l,3-bis(propylthio)-2-propanol 
0.43  mole  (40  g.)  of  epichlorohydrin  was  placed  in  a 
500  ml.,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  reflux  condenser,  and  dropping  funnel,  A  mercaptide- 
mercaptan  mixture  was  prepared  by  dropwise  addition  of  0.86 
mole  (65  g.)  of  propyl  raercaptan  to  a  cooled,  stirred  solution 
of  28  g.  of  85?^  potassium  hydroxide  in  100  ml.  of  water.   The 
mixture  was  added  dropwise  to  the  cooled,  stirred  epichloro- 
hydrin, the  product  being  stirred  an  additional  four  hours. 
The  mix  was  extracted  with  ethyl  ether  and  the  extract  dried 
over  anliydrous  potassium  carbonate.   The  dried,  filtered 
solution  was  distilled,  l,3-bis(ethylthio)-2-propanol  being 

collected  at  104-105**  under  0.7  ram. 

o 


B.P. 

Yield 
«25 


104-105"  at  0.7  mm. 
56  g.,  0.28  mole,  64^ 
1.5063 
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^  C 

^  H 


1.0144 

61.06  (found);  61.23  (calc.) 
51.56  (found);  51.90  (calc.) 
9.77  (foimd);   9,68  (calc.) 
d.  Synthesis  of  l,3-"bis (butyl thlo)-2-propanol 
0.09  mole  (13  g.)  of  l-butylthlo-2,3-epoxy propane  and 
0,11  mole  (10  g.)  of  butyl  mercaptan  were  placed  in  a  200  ml,, 
three-necked,  round-bottomed  flask,  equipped  with  thermometer, 
stirrer,  and  reflux  condenser.   The  stirred  mixture  was  heated 
to  reflux  and  0,2  gram  of  zinc  chloride  was  added  through  the 
condenser.  Heating  was  continued  until  a  sudden  clearing  of 
the  milky  mixttare,  accompanied  by  a  rapid  rise  in  temperature, 
indicated  completion  of  the  reaction.   The  residue  was 
distilled  at  1  mm,,  l,3-bis(butylthio)-2-propanol  being 
obtained  at  133®. 


B.P. 

Yield 

«25 


D 
25 

4 


133°  at  1  mm, 
11.5  g.,  0.05  mole,  55^ 
1.5007 
i      0,9867 

70,55  (found);  70,48  (calc.) 
55,84  (found);  55,88  (calc.) 
10,53  (found);  10,23  (calc.) 
e.  Synthesis  of  l,3-bis(pentylthio)-2-propanol 
0.15  mole  (24.5  g.)  of  l-pentylthio-2,3-epoxypropane 
and  0,15  mole  (16  g.)  of  pentyl  mercaptan  were  placed  in  a 


^  G 
%   H 


27 


200  ml,,  three-necked,  round-bottomed  flask,  equipped  with 
stirrer,  thermometer,  and  reflux  condenser.   0,5  gram  of 
potassium  hydroxide  was  added  through  the  condenser  while  the 
mix  was  stirred  rapidly.  After  five  minutes,  the  temperatiu*e 
rose  to  the  hoiling  point  of  the  mercaptan,  necessitating 
cooling.  After  apparent  completion  of  the  reaction,  the  mix 
was  stirred  an  additional  four  hotu^s.   The  product  was  dis- 
solved in  ether  and  the  solution  dried  over  potassium 
carbonate.   The  ether  was  removed  and  the  residue  distilled 
at  0,8  mm,,  l,3-bls(pentylthio)-2-propanol  being  collected 
at  147. 5-148. 5*». 

147.5-148,5®  at  0,8  mm, 

27  g,,  0.10  mole,  67^ 

1,4960 

0,9692 

79,71  (found);  79,70  (calc.) 

58,98  (found) J  59,03  (calc) 

10,89  (found);  10,67  (calc) 
f.   Synthesis  of  l,3-bis(hexylthio)-2-propanol 
0,10  mole  (17,5  g,)  of  l-hexylthio-2,3-e poxy propane  and 
0,10  mole  (12  g,)  of  hexyl  mercaptan  were  placed  in  a  200  ml., 
three-necked,  round -bottomed  flask,  equipped  with  thermometer, 
stirrer,  and  reflux  condenser.  While  the  solution  was  stirred 
rapidly,  0,5  gram  of  potassium  hydroxide  was  added  through  the 
condenser.  After  five  minutes,  the  temperature  rose  to  reflux. 


B.P. 
Yield 


n 


25 
D 

d^ 

4 

M 

B 

%   C 
%   H 


necessitating  external  cooling.  After  the  reaction  subsided, 
stirring  was  continued  for  four  hours.   The  mix  was  dissolved 
in  ether  and  the  ethereal  solution  dried  over  potassium 
carbonate.  Ether  was  removed  and  the  residue  distilled  at 
1,5  mm,,  l,3-bis(hexylthlo)-2-propanol  being  obtained  at 
183-184®, 

183-184®  at  1,5  imn. 

18,5  g,,  0,06  mole,  63^ 

1.4927 

0,9547 


B.P, 

Yield 
.25 


D 

25 

4 


n 
d 

% 

%   C 

5^  H 


88,94  (calc.) 
61.58  (calc) 
11.03  (calc) 


89,00  (foTind) 
61,21  (found) 
10.54  (found) 
3,  Discussion  of  experimental  results 

While  It  would  appear  from  the  yields  given  that  the  re- 
action of  mercaptans  with  epoxysulfides  is  oicre  advantageous 
than  the  reaction  of  epichlorohydrln  with  an  excess  of 
mercaptide  solution  for  preparation  of  hydroxydisulfldes, 
consideration  of  the  time  required  to  prepare  the  intermediate 
epoxysulfldes  and  inclusion  of  the  fact  that  these  epoxy- 
sulfides  are  obtained  in  505»  yields  leads  to  the  conclusion 
that  the  advantage  lies  with  the  latter  method. 

Figures  7,  8  and  9  indicate  the  variation  in  physical 
properties  of  the  hydroxydisulfldes  from  dimethyl  through 
dlhexyl, 
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Refractive  Index  vs.  Molecular 
Weight  for  Hydroxy-disulfides  of 
the  Type  RSCHpGHOHGHgSR,  R  being 
Methyl  through  Hexyl 
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Figure  8, 
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Density  vs.  Molecular  Weight 
for  Hydroxydi sulfides  of  the 
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Figure  9. 
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Weight  for  Hydroxydisulfides  of  the 
TytJe  RSGHgCHOHCHgSR,  R  being 
Methyl  through  Hexyl 
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4.   Suimnary 

Syntheses  are  given  for  six  1,3  bis(alkylthlo)  propanols. 
Only  1,3-1)18(6 thy lthio)-2-propanol  has  heen  reported  previous- 
ly. 

D,   Synthesis  of  chlorohydroxypropyl  sulfones 

1,  Review  of  literature 

Sulfones  have  been  prepared  by  oxidation  of  sulfides  and 
sulfoxides  with  potassiwn  permanganate,  chromic  anhydride, 
sodium  dichr ornate,  nitric  acid,  sodium  hypochlorite,  chlorine, 
hydrogen  peroxide,  and  various  organic  peroxides  and  peracids 
in  a  variety  of  solvents.   In  addition,  the  action  of  metal 
sulflnates  on  organic  halides  and  the  action  of  metal  alkyls 
on  sulfonyl  halides  have  been  used  as  means  for  the  preparation 
of  sulfones.   Suter  (23)  lists  over  500  references  dealing  with 
these  compounds* 

Chlorohydroxypropyl  sulfones  have  been  prepared  by 
oxidation  of  the  corresponding  chlorohydroxypropyl  sulfides. 
Nenitzescu  and  Scarlatescu  (3)  oxidized  l-phenylthlo-3-chloro- 
2-propanol  to  l-phenylsulfonyl-3-chloro-2-propanol  with 
potassium  permanganate.  Rothstein  (7)  obtained  1-ethylsulfonyl- 
3-chloro-2-propanol  and  l-benzylsulfonyl-3-chloro-2-propanol 
by  oxidation  of  the  sulfides  in  acetic  acid  solution  with  305^ 
hydrogen  peroxide. 

2.  Experimental 

a.   Synthesis  of  l-methylsulfonyl-3-chloro-2-propanol 
Fourteen  grams  of  1-methyl  thio-3-chloro-2-propanol  and 
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50  ml.  of  glacial  acetic  acid  were  placed  In  a  250  ml.  beaker. 
To  this  solution  30  ml.  of  30^  hydrogen  peroxide  was  added 
dropwlse  with  stirring,  at  such  a  rate  that  ebullition  did 
not  become  too  violent.   Acetic  acid,  water  and  excess  hydro- 
gen peroxide  were  removed  under  aspirator  vacuiua  while  heat- 
ing on  the  steam  bath.   The  residue  slowly  crystallized  over 
two  days  and  was  recrystalllzed  from  ethyl  ether. 


M.P. 
Yield 
^  C 

%   H 


58.7-59.0® 
13  g.,  76.5?^ 

27.42  (found);  27.83  (calc.) 
5.16  (found);   5.26  (calc.) 
b.  Synthesis  of  l-ethylsulfonyl-3-chloro-2-propanol 
Ten  grams  of  l-ethylthlo-3-chloro-2-propanol  and  50  ml, 
of  glacial  acetic  acid  were  placed  In  a  250  ml.  beaker.   30 
ml,  of  305b  hydrogen  peroxide  was  added  dropwlse  with  stirring, 
at  such  a  rate  as  to  maintain  gentle  ebullition.   Acetic  acid, 
water,  and  excess  hydrogen  peroxide  were  removed  by  evaporation 
on  the  steam  bath.   The  highly  viscous  residue  crystallized 
very  slowly  In  the  Ice-box.   The  solidified  material  was  re- 
crystalllzed  from  ethyl  ether.   (The  hygroscopic  character  of 
this  and  the  preceding  compound  made  recrystalllzatlon  very 
difficult). 

47.5-48.5® 
10  g.,  83^ 

31.78  (found);  32.17  (calc.) 
6.02  (found);   5,94  (calc.) 
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M.P, 
Yield 
%   C 

io   H 


c.  Synthesis  of  l-propylsulfonyl-3-chloro-2-propanol 
In  a  250  ml.  beaker  were  placed  ten  grams  of  1-propyl- 

thio-3-chloro-2-propanol  and  50  ml,  of  glacial  acetic  acid« 
30  ml.  of  30^  hydrogen  peroxide  was  added  dropvise  with 
stirring,  at  such  a  rate  as  to  maintain  gentle  ebullition. 
TRie  resulting  raixtitt'e  was  evaporated  to  a  thick  syrup  on  the 
steam  bath  and  set  in  the  icebox  to  crystallize.   The 
solidified  material  was  recrystallized  from  ethyl  ether, 

M,P.    :  48-49® 

Yield   :   8  g.,  67?^ 

%   C    :   35.92  (found);  35.91  (calc.) 

%   H    :   6.55  (found);   e.53  (calc.) 

d.  Synthesis  of  l-butylsulfonyl-3-chloro-2-propanol 

In  a  100  ml,  beaker  were  placed  ten  grams  of  1-butylthio- 
3-chloro-2-propanol  and  30  ml,  of  glacial  acetic  acid,   25  ml. 
of  30^  hydrogen  peroxide  was  added  dropwise  with  stirring,  at 
such  a  rate  that  gentle  ebullition  was  maintained.   The  result- 
ing solution  was  evaporated  on  a  steam  bath  to  a  thick  syrup 
which  crystallized  on  standing.   T3ie  solid  product  was  re- 
crystallized  from  acetone  and  from  95^  ethanol. 


M.P. 
Yield 

ii  c 

%   H 


57-57.3® 
10  g., 

38.98  (found);  39.16  (calc.) 
7,28  (found);   7.04  (calc.) 


e.  Synthesis  of  l»pentylsulfonyl-3-chloro-2-propanol 

In  a  100  ml,  beaker  were  placed  five  grams  of  1-pentylthlo- 
3-chloro-2-propanol  and  15  ml.  of  glacial  acetic  acid.   10  ml. 
of  30^  hydrogen  peroxide  was  added  dropwise  with  stirring. 
After  the  vigorous  reaction  was  completed,  the  resulting  mix- 
ture was  evaporated  to  a  thick  syrup  on  the  steam  bath.   The 
syrup  crystallized  on  standing,  the  solid  being  recrystallized 
from  95^  ethanol  and  from  acetone. 

M.P.    :   58.4-58.7® 

Yield   :   5.3  g.,  9095 

fo   C     :   42.02  (found);  42.00  (calc.) 

9^  H     :    7.69  (found);   7.49  (calc.) 

f .  Synthesis  of  l-hexylsulfonyl-3-chloro-2-propanol 

In  a  250  ml.  beaker  were  placed  ten  grams  of  1-  hexylthio- 
3-chloro-2-propanol  and  50  ml.  of  glacial  acetic  acid.   30  ml. 
of  305^  hydrogen  peroxide  was  added  dropwise  with  stirring. 
After  the  vigorous  reaction  had  ceased,  the  remaining  solution 
was  evaporated  to  a  syrup  on  the  steam  bath.   The  syrup 
solidified  on  standing,  the  solid  being  recrystallized  from 
ethyl  ether,  acetone  and  95%  ethanol. 


M.P. 

Yield 
%  C 

%   H 


59.5-59.8® 
4.5  g.,  405^ 

44.19  (found);  44.52  (calc.) 
8.22  (found);   7.89  (calc.) 


3.   Discussion  of  experimental  results 


Hydrogen  peroxide  was  chosen  as  the  oxidizing  agent  in 
these  syntheses  because  its  use  does  not  ordinarily  lead  to 
undesirable  side  reactions  and  the  water,  acetic  acid,  and 
excess  peroxide  are  easily  removed,  leaving  the  desired  pro- 
duct in  a  relatively  pure  state  as  a  residue. 

It  is  probable  that  distillation  would  be  a  better  means 
of  purification  of  the  first  three  members  of  this  series 
than  is  crystallization,  due  to  tlieir  low  melting  points, 
their  hygroscopic  character  and  their  marked  tendency  to 
supercool.   Distillation  of  the  ethyl  compound  at  0.5  ram,  was 
attempted,  with  decomposition  resulting.   Rothstein  (7)  was 
able  to  distil  the  latter  substance  at  141°  at  0.1  mm. 

After  two  recrystallizatlons,  the  last  three  compounds 
of  the  series  all  melted  in  the  range,  57-58°.  As  many  as 
ten  recrystallizations  were  necessary  to  obtain  the  points 
given. 

Figure  10  shows  the  change  in  melting  point  of  these 
substances  as  their  molecular  weight  increases.   It  is 
remarkable  that  there  is  such  slight  variation  in  this  pro- 
perty. 

4.   Summary 

Syntheses  have  been  presented  for  six  chlorohydroxypropyl 
sulfones,  one  of  which,  ethylsulfonylchloropropanol,  has  been 
previously  reported  (7),  the  others  being  new  to  the  litera- 
ture. 
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Figure  10. 

Melting  Point  vs.  Molecular  Weight 
for  Chlorohydroxypropyl  Sulfones  of 
the  Type  RSO2CH2CHOHCH2GI,  R 
being  Methyl  through  Hexyl 
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E.  Synthesis  of  epoxypropyl  sulfones 

1.  Review  of  the  literature 

Reference  is  made  to  Section  II,B,1  and  Section  II,D,1 
of  this  report  for  reviews  of  the  preparation  of  epoxides 
and  stilfones,  respectively, 

Epoxypropyl  sulfones  appear  to  be  a  new  class  of  com- 
pounds, there  being  no  reference  to  them  in  the  literature. 

2.  Experimental 

a.  Synthesis  of  l-methylsulfonyl-2,3-epoxypropane 

In  a  100  ml,  beaker  was  placed  a  solution  of  five  grams 
of  l-methylsulfonyl-3-chloro-2-propanol  in  10  ml,  of  water. 
To  this  cooled,  stirred  solution  was  added  dropwise  an  ice- 
cold  solution  of  ten  grams  of  85^  potassium  hydroxide  in  10 
ml,  of  water.  Stirring  was  continued  for  two  hours.   The 
resulting  mixture  was  diluted  with  20  ml,  of  water  and  the 
solid  material  collected  by  filtration.  Purification  was 
effected  by  successive  washing  with  water,  ethanol,  and 
acetone,  since  the  product  appeared  insoluble  in  any  solvent 
other  than  a  strong  mineral  acid. 

M.P.    :   260-261°d. 

Yield   :   3  g.,  75% 

^  C    :   35.54  (found);  35.28  (calc.) 

5^  H    :   6,32  (found);   5.92  (calc.) 

b.  Synthesis  of  l-ethylsulfonyl-2,3-epoxypropane 

In  a  25  ml.  beaker  was  placed  a  solution  of  0.6  gram  of 
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M.P. 
Yield 

^  C 

%   H 


l-ethylsulfonyl-3-chloro-2-propanol  In  5  ml.  of  water.   To 
this  cooled,  stirred  solution  was  slowly  added  one  gram  of 
powdered  98^  sodliun  hydroxide.   After  fifteen  minutes,  the 
solid  formed  was  taken  up  in  acetone  and  recrystallized  from 
the  same  solvent. 

225-226** 

0.15  g.,  31?$ 

39,81  (found);  39.98  (calc.) 
6.96  (found);   6.71  (calc.) 

c.  Synthesis  of  l-propylsulfonyl-2,3-epoxypropane 

In  a  25  ml.  beaker  was  placed  a  solution  of  one  gram  of 
l-propylsulfonyl-3-chloro-2-propanol  in  5  ml.  of  water.   To 
this  cooled,  stirred  solution  was  slowly  added  two  grams  of 
powdered  98^  sodium  hydroxide.  After  fifteen  minutes,  the 
solid  formed  was  taken  up  in  acetone  and  recrystallized  from 
the  same  solvent. 

193-194** 

0.5  g.,  61^ 

44.00  (found);  43.88  (calc.) 
7.42  (found);   7.37  (calc.) 

d.  Synthesis  of  l-butylsulfonyl-2,3-epoxypropane 

In  a  1^  ml.  beaker  was  placed  a  suspension  of  one  gram 
of  l-butylsulfonyl-3-chloro-2-propanol  in  5  ml,  of  water. 
To  this  cooled,  stirred  suspension  was  added,  slowly,  two 
grams  of  powdered  98?^  sodium  hydroxide.   After  15  minutes 


M.P. 
Yield 
%   C 

fo   H 
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the  solid  formed  vas  taken  up  in  acetone  and  recrystalllzed 

from  the  same  solvent. 

M.  P.    :   169-170® 

Yield    :   0.75  g.,  90^ 

^  C     :   47.45  (found);  47.17  (calc.) 

%   H     :    8.35  (found);   7.93  (calc.) 

Mol.Wt.  :   179   (found);   176  (calc.) 

e.  Synthesis  of  l-pentylsulfonyl-2,3-epoxypropane 
In  a  100  ml.  beaker  was  placed  a  suspension  of  1.28 

grams  of  l-pentylsulfonyl-3-chloro-2-propanol  in  25  ml.  of 
water.   To  this  was  added  a  solution  of  two  grams  of  sodium 
hydroxide  in  25  ml.  of  water.   The  mixture  was  warmed  to  70® 
with  stirring,  cooled,  and  the  impure  l-pentylsulfonyl-2,3- 
epoxypropane  filtered  off.   The  material  was  recrystallized 
from  acetone. 

M.P.     :   160-161® 

Yield    :   0.70  g.,  65^ 

%   C     :   49.92  (found);  49.97  (calc.) 

io   H     :   8.71  (found);   8.39  (calc.) 

f.  Synthesis  of  l-hexylsulfonyl-2,3-epoxypropane 

In  a  100  ml.  beaker  was  placed  a  solution  of  two  grams 
of  l-hexylsulfonyl-3-chloro-2-propanol  in  25  ml.  of  50^ 
aqueous  ethanol.   To  this  cooled,  stirred  solution  was  added 
dropwise  a  solution  of  five  grams  of  potassium  hydroxide  in 
25  ml.  of  50^  ethanol.   The  mixture  was  stirred  for  one  hour. 
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diluted  with  an  equal  volume  of  water  and  filtered  to  remove 
the  crude  l-hexylsulfonyl-2,3-epoxypropane.   The  material  was 
recrystallized  from  acetone. 
M.P.    :   178-179® 
Yield   :   1.5  g.,  86^ 

%   C     :   52.35  (found);  52.39  (calc.) 
%  a  :    9.04  (found);   8.79  (calc.) 

3.  Discussion  of  experimental  results 

In  view  of  the  unexpectedly  high  melting  points  of  this 
series  of  compounds,  it  was  thought  that  there  was  a  possibility 
of  the  compounds  existing  as  dimers  or  even  higher  polymers  of 
the  simple  epoxypropyl  sulfones.   To  further  investigate  this 
possihility,  the  molecular  weight  of  the  supposed  butyl sulfonyl- 
epoxypropane  was  determined  by  the  Rast  camphor  method  (24). 
Since  the  determined  value  checked  the  calculated  value  for  the 
monomer,  it  may  be  assumed  that  these  are  truly  epoxypropyl 
sulfones,  rather  than  bis(y^lkyl  sulfony^methyl)dioxanes,  for 
example. 

Generally,  optimum  yields  were  attained  for  this  series 
when  the  reaction  temperature  was  below  10**.   The  anomalous 
preparation  of  the  pentyl  derivative,  using  elevated  tempera- 
tiu*es,  has  not  been  explained. 

The  compounds  appear  to  be  decomposed  slowly  upon  long 
heating  with  aqueous  acid  or  base,  probably  through  rupture 
of,  and  addition  of  water  to,  the  epoxide  ring. 
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Figure  11  shows  the  variation  in  the  melting  points  of 
the  series  as  the  molecular  weight  increases. 

4,   Summary 

Sjrn theses  for  six  members  of  a  new  series  of  compounds, 
the  epoxypropyl  sulfones,  have  been  proposed. 

P.   Synthesis  of  hydroxydisulfones 

1,  Review  of  the  literature 

Hie  formation  of  sulfones  was  summarized  in  Section  II, 
D,  1  of  this  investigation, 

Hydroxydisulfones  have  been  prepared  by  oxidation  of 
the  corresponding  disulfides.  Fromm,  Kappeller,  and  Taub- 
mann  (22)  oxidized  1,3-bis (benzyl tliio)-2-propanol  with  potass-> 
ium  permanganate  to  obtain  1,3-bis (benzyl sulfonyl)-2-propanol. 
Rothstein  (7)  synthesized  l,3-bis(ethylsulfonyl)-2-propanol 
and  l-benzylsulfonyl-3-ethylsulfonyl-2-propanol  from  the 
corresponding  sulfides  by  oxidation  in  acetic  acid  solution 
with  30^  hydrogen  peroxide. 

2.  Experimental 

a.   Synthesis  of  l,3-bis(methylsulfonyl)-2-propanol 
In  a  100  ml.  beaker  was  placed  three  grams  of  l,3-bi8 
(methylthio)-2-propanol  and  15  ml.  of  glacial  acetic  acid. 
To  this  solution  was  added  dropwise,  with  stirring,  12  ml. 
of  305^  hydrogen  peroxide.   After  the  reaction  subsided,  most 
of  the  water  and  acetic  acid  was  evaporated  on  a  steam  bath, 
the  residue  cooled,  and  the  crude  bis(methylsulfonyl)  propanol 
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Melting  Point  vs.  Molecular  Weight 

for  Epoxypropyl  Sulfonea  of  the 

Type  RSO2CH2CHCH2C),  R  being  Methyl 
through  Hexyl 


192°  224° 

Melting  Point 


""I'i'i" 


256° 

filtered  off  and  recrystallized  from  95^  ethanol. 

M.P.    :   136-137® 

Yield   :   3.9  g,,   93^ 

%   C    :   27.28  (found);  27.77  (calc.) 

fo   H    J   5.92  (found);  5.59  (calc.) 
b.   Synthesis  of  l,3-bis(ethylsulfonyl)-2-propanol 
In  a  100  ml.  beaker  were  placed  two  grams  of  1,3-1j1s 
(ethylthio)-2-propanol  and  15  ml,  of  glacial  acetic  acid. 
12  ml,  of  30fo   hydrogen  peroxide  was  added  dropwise,  with 
stirring.  After  the  reaction  subsided,  the  solution  was 
evaporated  on  a  steam  bath  to  a  small  volume.  Crude  1,3-bis 
(ethylsulfonyl)-2-propanol  separated  on  cooling,  was  filtered 
off,  and  recrystallized  from  95^  ethanol. 


M.P, 
Yield 
fo   C 
%   H 


113-114® 

1.5  g.,  7(yfo 

34.45  (found);  34.41  (calc.) 
6.70  (found);   6,60  (calc.) 
c.  Synthesis  of  l,3-bis(propylsulfonyl)-2-propanol 
In  a  100  ml.  beaker  were  placed  five  grams  of  l,3-bi8 
( propyl thio)-2-propanol  and  20  ml.  of  glacial  acetic  acid. 
15  ml.  of  3(yfo   hydrogen  peroxide  was  added  slowly  with  stir- 
ring.  The  mixtiwe  was  allowed  to  stand  overnight,  then  evap- 
orated to  incipient  crystallization  on  a  ste£im  bath.   20  ml. 
of  water  was  added  and  the  crude  l,3-bls(propylsulfonyl)-2- 
propanol  filtered  off  and  recrystallized  from  95^  ethanol. 
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M.P.         :      155-156® 

Yield      :      5.5  g.,    845$ 

%  C  :      39.99   (found);    39.68   (calc.) 

fo  n  :        7.56    (found);      7.40    (calc.) 

d.  Synthesis  of  l,3-bis(butylsulfonyl)-2-propanol 

In  a  100  ml.  beaker  were  placed  five  grains  of  l^S-bis 
(butyl thio)-2-propanol  and  20  ml.  of  glacial  acetic  acid. 
12  ml,  of  30^  hydrogen  i>eroxide  was  added  slowly,  with  stir- 
ring. After  the  vigorous  reaction  had  subsided,  the  solution 
was  evaporated  on  a  steam  bath  to  incipient  crystallization, 
20  ml,  of  water  was  added  and  the  crude  product  filtered  off. 
Recrystallization  was  from  95^  ethanol. 

M.P.    :   135-136** 

Yield   :  4.5  g.,  71^$ 

%  C  :   43.92  (found);  43.97  (calc.) 

%   H    :    8.19  (found);   8.05  (calc) 

e,  Syntlxesis  of  l,3-bis(pentylsulfonyl)-2-propanol 

In  a  250  ml.  beaker  were  placed  thirteen  grams  of  1,3- 
bis(pentylthio)-2-propanol  and  50  ml.  of  glacial  acetic  acid. 
35  ml.  of  30^  hydrogen  peroxide  was  added  slowly,  with  stir- 
ring.  The  solution  was  allowed  to  stand  overnight.   Hie 
crude  product  was  filtered  off  and  recrystallized  from  95^ 
ethanol. 

M.P.    :   143-144** 
Yield   :   10  g.,  6C/fo 
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io   C    :   47.69  (found)  J  47.53  (calc.) 
io   H    :   9.03  (found);   8.59  (calc.) 
f.  Synthesis  of  l,3-bls(hexylsulfonyl)-2-propanol 
In  a  250  ml.  beaker  were  placed  eighteen  grams  of  crude 
l,3-bi8(hexylthio)-2-propanol  and  50  ml.  of  glacial  acetic 
acid.  35  ml.  of  30?^  hj'^drogen  peroxide  was  added  slowly,  with 
stirring.   Hie  solution  was  allowed  to  stand  overnight.   The 
crude  product  was  filtered  off  and  recrystallized  from  95^ 
ethanol. 

M.P.    :   149-150® 
Yield   :  11.5  g.,  53^ 
io   C    :   50.59  (found);  50.52  (calc.) 
io   H    :   9,29  (foitncl);   9.05  (calc.) 
3.  DiscTission  of  experiniental  results 
lliough  Fromm,  Kappeller,  and  Tauhraann  (22)  found  that 
bis(benzylsulfonyl)propanol  crystallized  from  aqueous  alcohol 
with  a  molecule  of  water,  this  phenomenon  was  not  observed 
with  the  compounds  of  the  series  herein  reported. 

It  is  noteworthy  that  the  melting  point  of  the  propyl 
derivative  is  anomalous,  in  that  it  is  unexpectedly  high. 
However,  the  same  compound  was  obtained  from  the  disulfide 
synthesized  by  different  methods. 

Generally,  the  compounds  were  colorless  (white),  waxy 
platelets,  readily  prepared  in  good  yields  by  the  methods 
described. 
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Figure   12  Indicates  the  variation  In  the  melting  points 
of  the  compoTjnds  as  the  molecular  vel£ht  increases. 

4,     Summary 

Syntheses  of  six  bls(allcylsulfonyl)propanols,  methyl 
through  hexyl,  are  described.  The  ethyl  derivative  has  been 
previously  reported  (7), 

G,  Synthesis  of  alkylthloalkoxypropanols 

!•  Reviev  of  the  literature 

Mixed  sulfur-oxygen  ethers  have  been  the  subject  of 
very  little  study,  Clarke  (25)  obtained  l-methylthlo-2- 
methoxyethane  from  the  action  of  sodium  ethyl  raercaptide  on 
l-lodo-2-methoxye thane  in  methanol.  One  investigator  (26), 
used  a  modified  Villiamson  synthesis  to  obtain  mixed  ethers 
from  the  interaction  of  zinc,  alcohols,  and  mustard  gas. 

Formation  of  hydroxy  ethers  by  treatment  of  epoxides 
with  alcohols  in  the  presence  of  various  catalysts  has  been 
reported  by  many  Investigators  (l),  (8),  (9),  (27),  (28), 
(29),  (30),  (31). 

No  mixed  ethers  of  the  type  herein  reported  (derived 
from  thioglycerol)  appear  in  the  literature, 

2,  ExperlTiiental 

a.   Synthesis  of  l-ethylthio-3-methoxy-2-propanol 

A  solution  of  1.6  grams  of  metallic  sodium  in  2,5  moles 
(80  g,)  of  methanol  was  placed  in  a  500  ml,,  three-necked, 
round-bottomed  flask,  equipped  with  thermometer,  stirrer,  and 
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reflttx  condenser.   To  this  stirred  solution  vas  added,  drop- 
vise,  through  the  condenser,  0.25  mole  (30  g.)  of  1-ethylthio- 
2,3-epoxypropane.  No  temperature  rise  was  noted.   The  solution 
vas  then  refluxed  for  three  hours.  Most  of  the  methanol  vas 
removed  at  atmospheric  pressure,  the  sodium  methylate  present 
neutralized  vith  6N  sulfuric  acid,  and  the  distillation  con- 
tinued at  9  mm.  l-ethylthio-3-methoxy-2-propanol  was  obtained 


at  92.5-92.8". 
B.P, 


Yield 
„25 


D 

25 

4 


fo   C 
%   H 


92.5-92.8"  at  9  mm. 


23.5  g.,  0.15  mole,  QZfo 

1.4734 

1.0322 

40.86  (found);  41.05  (calc.) 

48.24  (found);  47.97  (calc.) 
9.52  (found);   9.39  (calc.) 
b.  Synthesis  of  l-ethylthio-3-ethoxy-2-propanol 
A  solution  of  one  mole  (66  g.)  of  85^  potassium  hydroxide 
in  five  moles  (240  g.)  of  95^  ethanol  vas  placed  in  a  500  ml., 
three-necked,  round-bottomed  flask,  equipped  vith  stirrer, 
reflux  condenser,  and  dropping  funnel.   To  tliis  cooled,  stirred 
solution  was  added  dropwise  one  mole  (62  g. )  of  ethyl  mercaptan. 
In  a  similarly  equipped  one  liter  flask  was  placed  one  mole 
(92  g.)  of  epichlorohydrin.   The  ethanol  solution  of  potassium 
ethyl  mer cap tide  was  added  dropwise  to  the  cooled  stirred 
epichlorohydrin.  After  all  of  the  solution  had  been  added, 
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Figure  12. 


Melting  Point 

vs.  Molecular  Weight 

for  Hydroxydisuifones  of  the  Type 
RSO2CH2CHOHCH2SO2K,  R  being 
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126°  142° 

Melting  Point 


158° 


the  cooling  bath  was  removed  and  the  tempera ttire  rose  to  60** • 
Stirring  was  continued  for  four  hours.   The  product  was 
filtered  and  dried  overnight  with  anhydrous  potassium  car- 
bonate. Excess  ethanol  was  removed  from  the  dried  solution 
at  atmospheric  pressure^  the  residue  being  distilled  at  40 
am.  l-ethylthio-3-ethoxy-2-propanol  was  collected  at  136- 


137* 


B.P. 

Yield 
25 


n 


d 


D 

25 

4 

io  c 
io  H 


136-137®  at  40  ram. 

56.5  g«^  0.34  mole,  34^ 
1.4679 
1.0037 

45.49  (found) J  45.66  (calc.) 
50.78  (found);  51.16  (calc.) 

10.06  (found);   9.81  (calc.) 

c.  Synthesis  of  l-ethylthlo-3-propoxy-2-propanol 
A  solution  of  1.6  grams  of  metallic  sodium  in  2.0  moles 
(120  g.)  of  propanol-1  was  placed  in  a  500  ml.,  three-necked, 
round -bottomed  flask,  equipped  with  thermometer,  stirrer,  and 
reflux  condenser.  0.25  mole  (30  g.)  of  l-ethylthlo-2,3- 
epoxypropane  was  added  dropwise  to  the  stirred  solution 
through  the  condenser.  No  temperature  change  was  observed 
diu:>ing  one  hour.   The  stirred  mix  was  then  heated  to  reflux 
for  five  hours.   The  cooled  product  was  neutralized  with  6N 
sulfuric  acid,  five  grams  of  potassium  carbonate  added,  and 
the  mixture  allowed  to  stand  overnight.   The  solid  was  fil- 
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B.P.    -  "-   "°  -« 


Yield 
25 

"d 

d^ 

%  c 

%   H 


tered  off  and  the  filtrate  distilled,  l-ethylthio-3-propoxy- 
2-propanol  being  obtained  at  78-78,5®  at  2  ma, 

78-78.5®  at  2  mm. 

29  £.,  0.16  mole,  65^ 

1.4661 

0.9837 

50.20  (fovmd);  50.28  (calc.) 

53.97  (found);  53,89  (calc.) 

10.62  (found);  10.18  (calc.) 
d.  Synthesis  of  l-ethylthio-3-butoxy-2-propanol 
1.34  moles  (100  g.)  of  butanol-1  and  1.6  grams  of 
metallic  sodium  vas  placed  in  a  500  ml.,  three-necked,  round- 
bottomed  flask,  equipped  with  a  stirrer,  thermometer  and  re- 
flux condenser.   To  this  stirred  solution  was  added,  dropwise^ 
0.25  mole  (30  g.)  of  l-ethylthio-2,3-epoxypropane.   After  be- 
ing stirred  for  two  hours  without  a  rise  in  temperature,  the 
mix  was  heated  to  75-80®  during  six  hours.   The  cooled  pro- 
duct was  neutralised  with  1:1  hydrochloric  acid,  100  ml.  of 
water  added,  and  the  mixture  extracted  twice  with  ethyl 
ether.   The  combined  extracts  were  dried  over  anhydrous 
potassium  carbonate.  Ethyl  ether  and  excess  butanol  were 
distilled  off  at  atmospheric  pressure.   The  residue  was 
distilled  at  2  mm.,  l-ethylthio-3-butoxy-2-propanol  being 
collected  at  85.5-86.5®. 


5S 


Yield 
.25 


D 

25 
4 


n 
d 

%   C 

%   H 


B.P,    I   85.5-86.5**  at  2  mm. 

33.5  g.,  0.17  mole,  69,5^ 
1.4652 
0,9695 

54.91  (found);  54.90  (calc.) 
:  55,91  (found) •  56.20  (calc.) 
:   10.47  (found) J  10.48  (calc.) 
e.  Synthesis  of  l-propylthlo-3-raethoxy-2-propanol 
A  solution  of  1.6  grams  of  metallic  sodium  in  2.5 
moles  (80  g, )  of  methanol  was  placed  in  a  500  ml.,  three- 
necked,  round-bottomed  flask,  equipped  with  thermometer, 
stirrer,  and  reflux  condenser.   To  this  stirred  solution  was 
added,  dropwise,  through  the  condenser,  0.25  mole  (33  g.)  of 
l-propylthio-2,3-epoxypropane.  The  mixture  was  refluxed  for 
three  hotu'S,  cooled,  and  neutralized  with  6N  sulfuric  acid. 
Hie  neutralized  mixture  was  dried  over  anliydrous  potassium 
carbonate  and  distilled,  l-propylthio-3-methoxy-2-propanol 
was  collected  at  65-66**  at  2  nan. 


B.P. 

Yield 
25 


n 
d 
M, 


D 

25 

4 


%  C 
%   H 


65-66®  at  2  mm, 

20  g.,  0.12  mole,  49^ 

1.4719 

1.0095 

:  45.55  (found);  45.66  (calc.) 
:  50.98  (found);  51.18  (calc.) 
:   10.14  (found);   9.82  (calc.) 
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f.  Synthesis  of  l-propylthio-3-ethoxy-2-propanol 

1.3  ^rams  of  metallic  sodium  and  2.2  moles  (100  g.)  of 
ethanol  were  placed  in  a  500  ml,,  three-necked,  roxmd- 
bottomed  flask,  equipped  with  thermometer,  stirrer,  and 
reflux  condenser.   0.2  niole  (26.5  g.)  of  l-propylthio-2,3- 
epoxypropane  was  added  through  the  condenser  to  the  stirred 
solution.   There  was  no  temperature  change  diu>ing  one  hour's 
stirring.   Tlie  stirred  luix  was  then  heated  to  reflux  for 
three  hours,  cooled,  neutralized  with  6N  8ulfiu*ic  acid,  and 
five  grams  of  potassium  carbonate  added.   The  mixture  was 
left  in  the  icebox  overnight,  the  solid  filtered  off,  and 
the  filtrate  distilled.  l<->propylthio-3-ethoxy-2-propanol 
was  collected  at  69,5-70^  under  1.5  mm,   pressure. 

69.5-70**  at  1.5  mm. 

22.5  g.,  0.120  mole,  635^ 

1.4670 

0.9850 

50.22  (found);  50.28  (calc.) 

53.41  (found);  53.89  (calc.) 

10.49  (found);  10.18  (calc.) 

g.  Synthesis  of  l-propylthio-3-propoxy-2-propanol 

1.3  grams  of  metallic  sodium  and  two  moles  (12C  ^•)  of 
propanol-1  were  placed  in  a  500  ml.,  three-necked,  roimd- 
bottomed  flask,  equipped  with  thermometer,  stirrer,  and 
reflux  condenser.   0.2  mole  (26.5  g.)  of  l-propylthio-2,3- 
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B.P.       -  -    -** 


Yield 
25 


io  c 

5tH 


epoxypropane  was  added  dropvise  through  the  condenser  and  the 
solution  stirred  for  one  hour.   It  was  then  refluxed  with 
stirring  for  three  hoi^rs,  cooled,  and  neutralized  with  6N 
sulfuric  acid.  Five  grams  of  potassium  carbonate  was  added 
and  the  mixture  allowed  to  stand  four  hours.   It  was  then 
filtered  and  the  filtrate  distilled  at  1.5  ram.,  1-propylthio- 
3-propoxy-2-propanol  heing  obtained  at  81-81.5®. 
B.P. 


Yield 

«25 
"  D 
,25 
^   4 

% 
%   C 

%   H 


81-81.5®  at  1,5  mm. 

12  g.,  0,06  mole, 

1.4641 

0.9676 

54.85  (found);  54,90  (calc.) 

56.22  (found);  56.21  (calc.) 

10.68  (found);  10.48  (calc.) 
h.   Synthesis  of  l-propylthio-3-butoxy-2-propanol 
1.3  grams  of  metallic  sodium  and  1.3  moles  (100  g.)  of 
butanol-1  were  placed  in  a  500  ml.,  three-necked,  round- 
bottomed  flask,  equipped  with  stirrer,  thermometer,  and 
reflux  condenser.  0.2  mole  (26.5  g. )  of  l-propylthio-2,3- 
epoxypropane  was  added  dropwise  through  the  condenser  and 
the  solution  stirred  for  one  hour.   It  was  then  heated  with 
stirring  to  80®  during  five  hem's,  cooled,  and  neutralized 
with  6N  sulfuric  acid.   100  ml.  of  water  was  added  and  the 
mixture  extracted  twice  with  ethyl  ether.   The  combined 
extracts  were  dried  over  potassium  carbonate,  filtered  and 
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distilled,  l-propylthio-3-l)utoxy-2-propanol  "being  collected 


at  90.5-91  under  1.5  nun.  pressure. 


B.P. 


Yield 
25 


D 

25 

4 


D 
^  C 

io   H 


90.5-91  at  1.5  mm. 


27.5  g.,  0.13  mole,  67^ 

1.4639 

0.9578 

59.44  (found);  59.52  (calc.) 

58.35  (found);  58.21  (calc.) 

11.04  (found);  10.75  (calc.) 

3.  Discussion  of  experimental  results 

The  methods  described  herein  were  modifications  of  the 
method  of  Swem,  Billen,  and  Knight  (9),  using  a  basic 
catalyst  to  assure  formation  of  a  secondary  alcohol.   The 
yields  obtained  correspond  to  the  yields  obtained  by  the 
aforementioned  investigators. 

Figures  13,  14,  and  15  indicate  the  variation  in  the 
refractive  indices,  densities,  and  molecular  refractions  of 
the  compounds  as  their  molecular  weight  varies. 

4.  Summary 

Eight  new  alkylthioalkoxypropanols  were  synthesized 
and  characterized. 
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Figure  13. 

Refractive  Index  vs.  Molecular  Weight 
for  Allcylthioalkoxypropanols  of  the 
Type  R'3CH2CH0KGK20R,  R'  being  Ethyl 
or  Propyl  and  R  being  Methyl  through 
Butyl 
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Figure  14, 


206 


Density  vs.  Molecular  Weight  for 
Alkylthioalkoxypropanols  of  the  Type 
R'SCK2CH0HCH20R,  R'  being  Ethyl  or 
Propyl  and  R  being  Methyl  through 
Butyl 

GgHgSGHgGHOHGHgOR   


G3H7SGH2GHOHCH2OR 
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Figure  15. 


Molecular  Refraction  vs.  Molecular  Weight 
for  Alkylthioalkoxypropanols  of  the  Type 
R'SGHgCHOHCHgOR,  R'  being  Ethyl  or  Propyl 
and  R  being  Methyl  through  Butyl       ^ 
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PROOF  OF  STRUCTURE 

A.  Of  beta-hydroxypropyl  sulfides  and  epozjrpropyl 
sulfides 

1.  Review  of  the  literature 

The  method  of  addition  of  compounds  containing  active 
hydrogen  to  unsyimnetrlcal  epoxides  has  long  been  a  point  of 
conjecttire  and  study.   It  will  be  seen  that  the  reaction  may 
proceed^  theoretically.  In  either  of  two  directions,  as 
Illustrated  by  the  following  equations: 

RH  -|-  R»CHCH  0  »R«CH(OH)CH  R 


RH  -h  R'CHCHgO ►R»CH(R)CH  OH 

Krasuskll  (32)  showed  that,  when  ammonia  or  amines  re- 
acted with  unsymmetrlcal  epoxides,  the  reaction  conformed 
with  the  first  equation.   C.istro  and  J!oller  (33)  confirmed 
this  observation.   It  has  been  reported  by  a  number  of  In- 
vestigators, working  on  the  addition  of  various  compounds  to 
epoxides,  that  the  oxlrane  ring  was  cleaved  to  give  secondary 
alcohols  In  the  presence  of  basic  catalysts  and  primary 
alcohols  In  the  presence  of  acidic  catalysts  (8),  (9),  (27), 
(28),  (29),  (30).   That  this  Is  not  Invariably  the  case  was 
shown  by  Swern,  Blllen,  and  Knight  (9),  whose  work  Indicated 
that  the  addition  of  allyl  alcohol  to  styrene  oxide  was  just 
the  reverse  of  the  above  generalization.   The  same  Investi- 
gators proved  that  the  reaction  of  allyl  alcohol  with 
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eplchlorohydrin  proceeded  to  the  secondary  alcohol,  regard- 
less of  catalyst, 

Nenitzescu  and  Scarlatescu  (3)  reported  the  formation 
of  l-ethylthlo-3-chloro-2-propanol  from  ethyl  mercaptan  and 
eplchlorohydrin.   They  then  prepared  l-ethylthio-2,3- 
epoxypropane,  both  by  dehydrohalogenation  of  the  ethylthlo- 
chloropropanol  and  by  reaction  of  sodium  ethyl  mercaptide 
directly  with  eplchlorohydrin,  the  reactions  proceeding  ac- 
cording to  the  equations: 


C^H^SH  -H  OCH  CHCir CI ►  C_H^SCH„CH(0H)CH„C1 

Z  o  Z  d  A  o        Z  Z 


>  C-H_SCH_CHCH„0 

2  5    2    2 

C  ILSNa  —  OCH  CHCHgCl >  CgH^SCHgCHCH^ 

Fairbourne,  Gibson,  and  Stephens  (8),  working  on  the 
reaction  of  l,3-dlchloro-2-propanol  with  an  alcohol  in  the 
presence  of  base,  found  that  the  reaction  proceeds  in  four 
steps,  as  follows: 

(1)  CICH  CH(OH)CH  CI  ►  CICH  CHCH  0 

(2)  ClCH  CHCH  6  4-  ROH ►  ClCH  Cn(OH)CH  OR 


(3)  ClCH  CH(OH)CH  OR  ►  OCH  CHCH  OR 


(4)  (5cOhCH  OR  +  ROH ►R0CH_CH(0H)CH  OR 

2     2  2         2 

It  is  reasonable  to  assume  that  Nenitzescu  and  Scarlatescu* s 

second  reaction  proceeded  according  to  reactions  (2)  and  (3) 

and  was,  therefore,  no  proof  of  the  structure  of  the  epoxy- 
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propyl  sulfide. 

Gilman  and  Pullhart  (35)  have  shown  that  sodium  methyl 
mercaptide  reacted  with  styrene  oxide  to  give  CgH_CH(0H)CH2SCH„ 
by  proving  the  latter *s  identity  with  the  same  compound  syn- 
thesized by  reduction  of  CgHgCOCHjSCHg  through  identity  of  the 
Bulfonium  iodides. 

2.  Experimental 

a.  The  action  of  chlorohydroxy sulfides  on  skin  tissue 
One  drop  each  of  the  methyl,  ethyl,  propyl,  butyl,  amyl, 

and  hexyl  thiochloropropanols,  prepared  as  shown  in  Section 
II,  A,  were  placed  on  the  forearm  of  the  investigator,  cover- 
ed to  prevent  inadvertent  removal,  and  allowed  to  remain 
overnight.  Examination  revealed  no  action  whatsoever  upon 
the  skin. 

b.  Formation  of  formaldehyde  from 
(l)  l-ethylthio-3-chloro-2-propanol 

9,5  grams  of  l-ethylthio-3-chloro-2-propanol  and  a 
solution  of  five  grams  of  85%   potassiion  hydroxide  dissolved 
in  90  ml.  of  water  were  refluxed  together  for  two  hours. 
Hie  resulting  solution  was  made  slightly  acid  with  6N 
sulfuric  acid.   The  solution  was  cooled  in  an  ice  bath  and 
five  grams  of  potassium  me taper iodate  was  added  with  vigorous 
stirring.  After  thirty  minutes,  the  solution  was  filtered  to 
remove  potassium  iodate  and  periodate,  and  ten  ml,  of  the 
solution  was  distilled  into  95^  ethanol.   The  dinitrophenyl- 

62 


hydrazone  of  formaldehyde  (m.p.  164-165®)  was  obtained  on 
treatment  of  the  alcoholic  solution  according  to  the  pro- 
cedure given  in  Shriner  and  Fuson  (24). 

(2)  l-ethylthio-2,3-epoxypropane 

8«0  grams  of  l-ethylthio-2,3-epoxypropane  and  a  solution 
of  one  ml.  of  98^  sulfuric  acid  in  55  ml,  of  water  were 
refluxed  together  for  four  hours.   The  mixtiwe  was  filtered 
and  the  solution  made  up  to  100  ml.  A  50  ml.  aliquot  was 
treated  with  50  ml.  of  0,7337  M  periodic  acid  solution, 
according  to  the  method  of  Hatch  and  Nesbitt  (37).  After 
the  chilled  reaction  mixture  had  been  stirred  for  two  hours, 
it  was  neutralized  to  methyl  red  with  dilute  potassium  hydr- 
oxide solution,  treated  with  a  slight  excess  of  barium  chlor- 
ide solution  (saturated),  and  the  precipitate  of  barium  sul- 
fate and  barium  iodate  filtered  off.  The  filtrate  was  made 
up  to  250  ml.   Ten  ml.  of  this  solution  was  analyzed  for 
formaldehyde  according  to  the  method  suggested  by  Walker  (36). 
0,2224  gram  of  methylene  dimethone  (m.p.  188-189®)  was  ob- 
tained, corresponding  to  a  60^  yield  of  formaldehyde. 

3.  Discussion  and  summary 

RSH  -]-  ClCIIgfcHCHgO   >'RSCH2CH(0H)CH2C1(I) 

•nOCH  CH(SR)CH  CI(II) 

It  has  been  shown  by  a  number  of  investigators,  (41), 
(42),  (43),  (44)  that  compounds  containing  chlorine  beta  to 
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a  sulfide  linkage,  corresponding  to  product  II  above,  usually 
exhibit  a  marked  Irritant  effect  on  skin  tissue.   Since  no 
such  effect  was  observed  In  these  experiments.  It  was  deduced 
that  the  compoimds  tested  were  of  type  I, 
I  +  HOH ►RSCH2CH(0H)CH20H'' — 


II  4-  HOH *H0CH2CH(SR)CH20H* — 

I   -  HCl RSCHgCiHCHgb  -|-  HOH — ' 

II   -  HCl -Ch  CH(SR)CH  6  +  HOH  - 

The  preceding  equations  show  tliat  a  1,2  glycol  Is  form- 
ed from  the  hydrolysis  of  tlie  chlorohydroxysulflde  or 
epoxysulflde  derived  from  the  reaction  of  a  mercaptan  with 
eplchlorohydrln  If  the  reaction  proceeds  according  to  equa- 
tion I,  and  that  a  1,3  glycol  results  If  the  reaction  pro- 
ceeds according  to  eqtiatlon  II.   It  has  long  been  known  that 
1,2  glycols  are  split  to  aldehydes  by  a  solution  of  periodic 
acid  while  1,3  glycols  are  unaffected.   The  reaction  Is 
discussed  at  length  by  Jackson  (38).   Since  the  hydrolysis 
product  was  split  by  periodic  acid  to  give  a  60^  yield  of 
formaldehyde  according  to  the  equation  below.  It  was  shown 
that  the  Initial  reaction  between  mercaptans  and  eplchloro- 

RSCH  CH(OH)CH  OH  -f  (O) *RSCH  CHO  -)- HCHO -f- HOH 

hydrln  proceeded  according  to  equation  I, 

B.   Of  hydroxydl sulfides  and  hydroxydlsulfones 

1,  Review  of  the  literature 
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Vhile  It  has  been  assumed  that  the  reaction  of  epl- 
chlorohydrin  with  me reap tans  in  the  presence  of  an  excess  of 
base  leads  to  1,3  disubstituted  propanols  (21),  (22),  actual 
proof  seems  entirely  lacking. 

2*  Experimental 

a.  Identity  of  bis(butylthio)propanols 

Bis(butylthio)propanol,  prepared  according  to  the  pro- 
cedure in  Section  II,C,2,d,  and  another  bis (butyl thio)pro- 
panol,  prepared  similarly  except  that  potassium  hydroxide 
rather  than  the  acidic  zinc  chloride  was  used  as  a  catalyst, 
were  oxidized  to  disulfones  with  305^  hydrogen  peroxide  in 
acetic  acid.  The  melting  points  of  the  two  products  and 
their  mixed  melting  point  were  135-136**. 

b.  Reaction  of  disulfones  with  sodium  hydroxide 
0.2501  gram  of  bis(ethylsulfonyl)propanol  was  digested 

with  25.00  ml,  of  0.1038  N  sodium  hydroxide  for  ei^t  hours 
at  80-90**.  Titration  of  the  cooled  solution  required  21,39 
ml.  of  0,1134  N  hydrochloric  acid.   This  corresponds  to  a 
io   decomposition  according  to  the  equation. 


RS02CH2CH(0H)CH2S02R  -1-  NaOH  *- 

RS02CH2CH(0fl)CH20H  +  NaSO^R 

0.2456  gram  of  bis(hexylsulfonyl)propanol  was  treated 
in  similar  fashion  with  25.00  ml.  of  sodium  hydroxide 
solution.   In  this  instance,  22.89  ml.  of  hydrochloric  acid 
was  required  for  neutralization,   lliis  indicates  no  decom- 
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position  according  to  the  above  equation. 

3«  DlscusBlon  and  sianniary 

It  was  shown  in  part  A  of  this  section  that  the  initial 
reaction  products  of  mercaptans  with  eplchlorohydrln  were 
compounds  of  the  types  RSCa2Cn(0n)cn2Cl  and  RSCn2(5HCH^. 
The  subsequent  reaction  of  tliese  substances  with  additional 
nercaptan  may  proceed  in  two  directions  as  illustrated  by  the 
following  equations: 

RSCH_CnCH_6  -f  RSn ^RSCU_CH(On)CH_SR 

*  RSCH2CH(SR)CH20H 

It  was  demonstrated  in  part  2a  above  that  identical  products 
were  obtained  with  either  an  acidic  or  a  basic  catalyst.   Ox- 
idation of  the  two  possible  disulfides  would  lead  to  disul- 
fones  according  to  the  equations: 

RSCH2CH(0H)CH2SR "  RS02CH2CH(0H)CH2S02R 

RSCH  CH(SR)CH  OH ►  RSO  CH  CH(S0  R)CH  OH 

It  will  be  noted  that  the  product  in  the  first  equation  is  a 
delta-disulfone  while  that  in  the  second  equation  is  a  gamma- 
disulfone.   It  was  found  by  Stiiffer  (39)  that  gamma-disulfones 
were  readily  decomposed  by  heating  with  dilute  alkali,  while 
beta-  or  delta-disulfones  were  unaffected.   Subsequently, 
Otto  and  Tr^ger  (40)  found  that  an  additional  reaction  occurred, 
niese  two  reactions  are  outlined  by  the  following  equations: 
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RSOgCHgCHgSOgR  +  NaOH RSOgCHgCHgOH  +  NaSOgR 

RS02CH2Cn20U  -+-   RSO2CH2CH2SO2R  +  NaOH >- 

RS02CH2CH20CH2CH2S02R  +  NaS02R  H"  HgO 

The  conditions  for  the  decomposition  as  used  in  part  2h  above 
were  those  of  Stuffer.  Little  or  no  reaction  was  observed 
where  Staffer  reported  complete  decomposition  under  these 
conditions.  It  was  thus  proved  that  the  sulfones  synthesized 
were  del ta-disulf ones  rather  than  gamma-disulf one s , 

Hie  small  amount  of  decomposition  of  the  diethyl 
disulfone  may  possibly  be  accounted  for  by  the  ether if icat ion 
reaction  of  Otto  and  Troger  since  the  required  hydroxy  group 
was  present  In  the  initial  compound. 

Thus,  it  has  been  shown  that  a  del ta-disulf ide  (or  a 
secondary  alcohol)  rather  than  a  gamma-disulf ide  (or  a 
primary  alcohol)  was  formed  when  an  epoxypropyl  sulfide  re- 
acted with  a  mercaptan. 
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SUMMARY 

The  condensation  of  eplchlorohydrln  (l-chloro-2,3- 
epoxypropane)  with  normal  mercaptans,  methyl  through  hexyl, 
to  form  chlorohydroxypropyl  sulfides  (RSCIIgCHOHCHgCl)  was 
Investigated. 

The  chlorohydroxy  propyl  sulfides  were  oxidized  to 
sulf ones  (RSOgCHgCHOHCHgCl } . 

By  dehydrohalogenatlon,  corresponding  series  of 
epoxypropyl  sulfides  and  epoxypropyl  sulfones  were  formed 
from  the  chlorohydroxypropyl  sulfides  and  chlorohydroxypro- 
pyl sulfones,  respectively.   The  epoxypropyl  sulfones  are  a 
new  class  of  compounds. 

Six  bl8(alkylthlo)propanols  (RSCUgCHOHCHgSR)  where  R 
vas  methyl  through  hexyl,  resulted  from  the  addition  of 
mer cap tans  to  epoxy sulf Ides  or  eplchlorohydrln.  These  com- 
pounds were  oxidized  to  a  series  of  his (alky 1 sulf onyl)pro- 
panols  (RSOgCHgCHOHCHgSOgR). 

Eight  new  alkylthloalkoxypropanols  were  obtained 
through  the  combination  of  epoxypropyl  sulfides  with  alco- 
hols. 

The  structures  of  the  chlorohydroxypropyl  sulfides, 
the  epoxypropyl  sulfides,  and  the  bls(alkylthlo)propanols 
were  proven  by  several  methods. 
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